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FIGURE 1 
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FIGURE 3 
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FIGURE 6 





Fig. 6a Fig.6b Fig. 6c Rg.6d Fig.6e 





FIGURE 2 



09/18/2000 18:23:13 page -5- 



5/5 

FIGURE 7 




/ 




FIG. 7C 



FIGURE 8 



09/18/2000 18:23:13 page -6- 



2326896 



55.01*9 

A METHOD AND APPARATUS FOR COMPLETING A WELL FOR 
PRODUCING HYDROCARBONS OR THE LIKE 

The invention relates to the field of petroleum service and supply industries* md more 
pwtlcul^ to coinplcu^ 

WWk driZHng is taking pUce, the integrity of a weD^ 

that needs to be adjusted 10 that the hydrauBc pressure of the mud column opposes the leaks 

■ 

from the formations while simultaneously avoiding damaging the underground formations by 
fracturing them. When the drilled depth exceeds a certain value, the pressure difference due to 

the difference in depth is such that it is no longer possible to formulate a mud capable of 
performing its function over the entire length of the wefl, 10 to prevent coQapse of the wall, h 
is necessary to Bnethe hole with metal casing. For this purpose, * certain mtmhr ^^ ng 
tubes are placed end to end and lowered down the well, and are fi^ 
cementing. Thereafter, drilling can continue down to the next critical depth. 

Each newly-drilled length must be fined with casing of outside (fiametw 
pass through the casing that is already m place « ihaHow 

staircase structure with a hole that is large at the top of the wefl and much narrower at the 
bottom of the well Such a configuration is fu from optimal: « Urge hole at the sur&ce means 
that driffing time must be wasted in a non-productive rone, whereas a narrow hole in the 
usefiii zones does not favor production by good draining of the rormatioa 

Worse stuT.h often happens that the ho^ 

boring has reached a critical depth. Such critical zones may, for example, be veins of very 
friable rock or "pockets* of gas which, even though they are usually vtty 
major sources of danger both for the well 

circumstances, the only solution is often to cement these zones by putting casing into place 
immediately, thereby father reducing the size of the bote, which can lead to a wefl being 
abandoned if ftirther difficult zones are encountered as drilling continues. 
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It wffl abo be understood that it b very difficult to repair damaged cuing by installing new 
casing, without further significantly reducing the size of the hole and thus running the risk of 
preventing penetration of certain tools or items of equipment that may be needed in the 

irrftdifrfil ton zones, for Btflronle 

Over the last lew years, the industry has developed new techniques of completing weOs or of 
completing them tentpofarDy, to as to mtranuze the number of "steps" and to increase the 
downhok diameter of the wdL 



Proposals have thus been made to use a 



to material compnsmg an expandable doth 



made of 



impregnated with non-polyrnertzed 



membrane covering hs outside face which is directed towards the waO of the hole. By using an 
appropriate laying tool, the membrane is applied against the wall of the hole or a damaged 
portion of casing, and the resin is caused to polymerize by being heated The main difficulty of 
that technique is that it requires electrical power of the order of 1 000 watts per linear meter, 
thiu Emitmg h* application to 

of synthetic material cannot constitute a final replacement for metal casing since that needs to 
be capable, in particular, of withstanding treatments based on strong acids or other materials 
that are particularly corrosive. 

US Patent 5 348 095 proposes making casing out of a continuous tube of ductile material 
capable of withstanding large amounts of plastic deformation. The tube is enlarged by a 
conical tool, and ft can optionally be cemented. However, expansion of the tube is 
acconujanied by a reduction in the total length of the tube, and this can give rise to interlace 
problems at the ends. Furthermore, the pressure required for expanding the tube b very high. 



US Patent 5 366 012 proposes a perforated finer 
A mandrel having a large diameter that is greater than the inside diameter of the perforated 
finer is used to expand the wall of the finer and the orifices become larger. Fibcr-femforced 
cement can then be cast on either side of the finer, and once the cement has set, the inside of 
the finer h bored again, thereby leaving a casing of fflm><ement that is reinforced by metal 
reinforcement. The need for father boring after cementing c on stitu t es a major drawback of 
that technique. In addition, in the abovennentioned case, the pressures required for expanding 
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the tube are quite high and the final length of the finer n reduced Finally, the slots must be 
pierced in compfiancc with very precise specifications, which leads to a manufacturing cost 
that is high. 

An object of the present invention b a novd type of expandable casing that does not present 
the above-mentioned drawbacks of the art 

According to the invention, thh object is achieved by a finer far completing a hole in an 
underground fonnation, the finer being c on sti tut ed by a spiral-wound atrip of spiral cross- 
section, its longitudinal edges having complementary touching profiles such that after 
expansion the finer is circular in section. 

To complete a well, the spiral tube is lowered to the bottom of the hole and its walls are 
spread by means of a placement tool, eg. a conical tool, so as to place the kwgfcudinal edge in 
a touching position where they form a cylinder. A closed continuous liner b thus obtained 
which can be ce m ent ed in conventional manner without the cement invading the inside of the 
liner, and thus without there being any need to bore inside the casing. It should be observed 
that the spiral-wound casing of the isvcntk* is particular 

horizontal or imibUateral, given its small diameter in its contracted state which lends itself 
wefl to being installed in narrow weds or m weOs of trajectory that impedes the towering of 
traditional casing segments. 

the finer of the invention n also well adapted to provisionally completing problem zones. In 
any event the hole may optionally be enlarged in the difficult zone and a spiral finer whose 
diameter after expansion is dose to the diameter of the hole before enlargement may then be 
put into place and cemented. Thereafter, drffing can continue and the entire column, wduding 
the zone that has already been co m p le ted, is subsequently completed in convennonal manner. 

The spiral casing of the mvention can also be used for repairing casing that has been damaged, 
since the outside ouunetertf 

very sfighthy less the inside diameter of the casing that is already m place. 

The spuai-wound strip preferably has chamfered longitudinal edges that define contact 
surfaces whose general direction lies in a plane which forms a non-zero angle relative to the 
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longttudinil oris of the finer. Also preferably, the longtufinri edges have a crenellated section 
to provide mechanical engagement at a predetermined diameter. 



In a more particularly preferred variant of the invention, the liner is obtained by roffing up a 
strip about an axis that is at a certain angje relative to the axis of symmetry of the strip. Uoder 
men drojomstances, when the finer is in the contracted state, it has edges which form a double 
hefix around the cyfader. If the period of the henx is appropriately chosen, then a geometrical 
ngureu obtained whose lengtt . 

The finer of the invention can be wound lengthwise on a drum, using the techniques known for 
cofled tubing. In order to complete sections that are of great length, it n possible to weld 
together a phirality of sheets, either during manufceture of the finer, which b preferable when 
using the cofled tubing technique, or dse cfirectry on she. 



The finer of the invention can be made of metal, eg. steel or any other material having the 
desired degrees of elasticity and plasticity. It should be observed that if a highly elastic material 
is selected, and providing it has not been cemented, then the finer of the invention can 
opticoaty be removed, thus in^ 

Other details and advantageous characteristics of the invention appear from the fofiowing 
description given with reference to the figures, in which: 

♦ Figure 1 is a diagrammatic view of a first «nbodiroent of s liner of the invention before and 
ifter expansion, shown in perspective (Figures la and lb) and in end view (Figures la' and 

•Figure 2 shows an expansion tool; 

• Figure 3 shows an example of mechanical engagement using toothed edges (Fnjires 3a to 
3d) and shows various profiles for such toothed edges; 

•Figure 4 is a perspective view of a finer in the « 
with toothed sections; 



racted state and having totuptudinal edges 
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• Figure 5 shows a liner of the mveniioo having kmgtfmfiml edge* constituting a double helix, 
teea in perspective in the contacted state (Figure 5aX after expansion (Figure 5bX tod in 
longitudinal section (Figure 5c); 

• Figure 6 shows an example of temporary completion using a finer the brw 
•Figure 7 shows a iyf>kals 

• FlgureS tbows a variant of a finer of the invention that b 
screen. 

The concept of the invention is shown in Figure 1. A strip, *g. a metal strip, U spkal-wotind 
(Figures la and la*) with overlap over an angle A. After expansion, the finer is circular in 
section and its longitudinal edges come into contact to constitute a closed peripheral turfrce. 

If the winding follows an Anfcimcdes 1 spiral, 

Dc for the pseudoMfiameter of the spiral-wound strip in the contracted state, the value De of 
the di a m e ter after expansion is given by the following equation: 

-<«-[HM£)']. 

where A, the overlap angle, b expressed in nufians, and where the lengths De, Dc, and £ are 
expressed in the same units. 

With an overlap of 90* as shown a Figure la, a finer having an outside diameter De of 1 7.8 
cm (7^ and a thickness £c^ 

(5.85"). For an overlap of 180*. the expansion is close to 50%. 
By way of example, the tool 

double cone assembly as shown dlagranunatically in Figure 2, having a first end 10 suitable for 
betiujfixedtotbeendofacou^ 

sfcnflar to that of the spiral-wound finer in the contracted state, thereby enabfing the spiral- 
wound finer to be pushed to the zone which is to be cotnpktecL The expansion tool also 
mdudes an enlarged zone 12 of outside olaraeter ctese to 
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it has been expanded. The enlarged zone 12 b preferably capable of being retracted at least in 
part by remote control means such ai hydraulic pressure, mechanical means, or a combination 
erf such means as is conventional for placement tools as used in wells. 

In the variant of the invention shown in Figure 3, the complementary Ic^gjtudaal edges are 
given teeth so as to form a mechanical lock. As can be teen more particularly in Figures 3a to 
3d, a toothed edge; m this case an edge havm^ 

It may also be observed that the tongitudmal edges have a contact area facing fa a general 

direction ~D at a non-zero angte relative to the normal to the longitudinal axis of the finer. An 
angle of about 45*, and more generally lying m the range 30° to 60° is generally preferred 

Other variant toothed profiles are shown in Figure 3 e. The number of teeth can be increased, 
or on the contrary, decreased, and it is possible to select profiles that are nearer to being 
square so as to achieve engagement that is doser to being of the tenon and mortise type, In all 

of the examples shown in Figure 3, the toothed edges follow a general direction ~D at a 
certain angle relative to the normal to the longitudinal axis of the finer. The profile selected is 
preferably such as to mmmnze radial friction forces that tend to oppose s&fing of the two 
cctripkraentary portions. As shown in Figure 3 e, the elastic forces Fa and Fb that result from 
expanding the spiral-wound finer create radial friction forces Fc and Fd which tend to move 
the edges apart This separation force can be minimized or even eliminated by optitmang the 
shape of the teeth. 

The forces Fa and Fb which assist m locking the finer are directly proportional to the overlap 
angle A of the finer in the contracted position. Nevertheless, too much overlap also tends to 
increase tiie radial forces so that a balance must be found bet w een the desired coefficient of 
expansion and mechanical locking 

The finer is expanded into the shape of a cone of dimensions that depend essentially on the 
geometry of the spiral-wound finer and on its elasticity, and to a smaller extent on the apex 
angle of the conical expansion tool. To fimrt friction forces, it may be advantageous to select 
an expansion tool constituted by a cone whose apex angle is dose to that of the "natural 11 
expansion cone of the spiral-wound finer. 
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As shown mm particularly in Figure 4, the axis of the engagement teeth forms an angle B 
with the axis of the spiral-wound tube. This angle B his an optimum value lying between the 
•natural" expansion cone angle of the Ener and zero, however zm> is also acceptable, 

figure 5 shows the most part^ 

obtained by roffing up a strip about an axis that is at a certain angle relative to the axis of 
symmetry of the strip, in the contracted position (Figure 5aX the edges form a double hefix 
around the finer. After expansion (Figure 5bX the two hefixes coincide and the junction foe 
winds helically around the finer. 

A particularly advantageous aspect of this geometry Ses in it being possible for expansion to 
be performed without changing the X length of the finer. If, as shown in Figure 5c, the 
"diameters* of the finer are written Dc and De (where index s corresponds to the finer being in 
the contracted state and index £ to the finer in the expanded stateX 
hefical oaves followed by the lc^ 

helix is defined as being the distance measured along the longitwfinal axis of the liner between 
two correspon din g points that arc one complete turn apart around the cylinder of diameter Dc 
(orDeifthecasemaybe&andifto 

a finer whose total length is X, it can be shown that the length L U equal to: 

-'fir 



and that consequently, if the tape U 
X does not vary. 

With tlto d cM bb h efi x co^^ 

finer b of thickness W, then the diameter after expansion bgrventy 

D J*k 

' xX 
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Finally, toother coriseojoence of thb geometry b that all points on the surfcc© of the finer move 
in a plane perpendicular to the axb of the liner during the expansion staj^. If the endi of the 
double hefix finer are cut perpenficulirly to the tongtotdinal axis, then after expansion these 
ends wffi define perfect circles in plane that are trjeroselvts perpeadicuiar to the longitudinal 
axis of the finer. Tint disposition is particularly favorable for ensuring sealing of die 
completion at the eoaWtte 

Figures 6 and 7 are highly diagrammatic and ahow two examples of cotnpkrioo using a spiral- 
wound finer of the invention, it being understood that these examples are not finsung in any 
way. 

In the example shown in Figured, the spiral-wound tube b used for completing a zone in 
temporary manner. In a wefl in deep water, the problem may be due to too small a difference 
between the fracairing gradient and the pressure of the formation. There may alternatively be 
problems associated, for example, with the presence of formation! that are highly unstable 
(clayey rock, sands, salts* etc) m depletion zones, or other problems that are well known to 
the person skilled in the art. The financial comequences of such zones is generally out of all 
proportion to their length since anticipated completion thereof requires casing to be installed 
on an extra occasion* thereby reducing the diameter of the hole. 

The well has been drilled and casing has been instaDed in its upper portion 1 . Drilling has then 
continued beneath the casing shoe 2 to pkree a bole 3 that is substantially cylindrical, and that 
is not cased, prior to reaching a zone 4 of length Lz which needs to be treated immediately 
(Figure 6a). The decision is taken to proceed with temporary completion using a finer of die 
invention. A spiral-wound finer 5 is pushed towards the bottom of the well by means of a 
double conical ex pa nsi on tod 6 fixed at the end of a tube 7. The expansion tube b caused to 
move on (Figure 6b) so as to spread apart the waDs rf the finer untfl th^ 
diameter (Figure 6c). Once the finer b in place (Figure 6d) the expansion tool is returned to 
the sur&ce arid the finer b cemented using liner cementing techniques (Figure 6e) . In the case 
shown here, the finer b provided with openings 8 to allow cement to pass from the inside of 
the finer towards the aratulus 9 which b to be cemented, however it b dear that a cementing 
shoe could be used. 
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After expansion, the inside diameter of the tinerb practically identical to the diameter of the 
hole in zones where there axe no dnlfing problems (where necessary, the hole can be enlarged 
in the zone that requires treatment by means of a reamer). Drfliog can then be started again 
without any need to driB through a cemented zone* and the entire well can be completed in 
accordance with tike original drilling plan, and without any reduction in the diameter of the 
well 

ttb dear that addltkmaltooU 

of the invention. Also, die finer is preferably fitted with codpieces made of a material that is 
easily deformed and that is easy to driB (eg. alununumX thereby guaranteeing that the spiral* 
wound Kner it property expanded over its entire length. 

A typical sequence of using a spiral-wound liner of the invention ibr completing a section of a 
reservoir is shown in Figure 7. Such an operati o n may be envisaged, fix example, with 
formations that are unstable or sandy. 

The spiral-wound finer of the invention is brought in the contracted state to a non-cased 
section of the reservoir (Figure 7a) and it is then expanded by means of an expansion tool 
(Figures 7b and 7c). Like any other production finer, the finer of die invention is, in this case, 
pierced to aOow production fluids to pass therethrough, and as shown m Figure 8, it is 
preferably covered in a grid which may be fixed thereto, e.g. by being welded to the strip prior 
to spiral winding. The grid is preferably on the outside face of the finer, racing towards the 
wall 

It should be observed that the surface area of the roOed-up strip remains unaltered during 
expansion so wells ire not weakened by the spiral-wound finer of the invention being put into 
place and expanded* For the same reason, the size and distri bution of the openings provided 
for allowing the production fluids to pass can be selected in a manner that is entirely 
independent of the diameters in the contracted state and in the expanded state. This makes it 
possible, in particular, to obtain a liner that b very strong in association with greater stability 
and longer fife of the well. 
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Por a horizooul wdl, t spiiiJ-woundfiiierofthein^ 

can be placed very dose to the formation, even in the upper portion of the finer, and tfa 
often not the case with a cou v en ti oi ial finer that Up 



So krag as it has not been cemented, a spiraPwound finer can be withdrawn by means of a 
ipecia! tod which separates tte 

return to a state similar to that to fcittal contracted state. If such withdrawal is expected 
only after several months or years, care shouU U taken tons© a rnaterial 
retaining its dastte properties cws^alongperfcdoftime. 

The geometry of the spira^wcund finer of the invention b artirery compatfcte with mass 
production at lw cost to 

that are welded together) that are pierced in a predefined pattern, eg. by punches mounted on 
rollers or by * hydraufic press having a punch. The tongitiufinal edges are preferably rectified 
continuously so as to give them a toothed profile, and grids may sunilarry be welded at least 
along one of the kxigrtudmal edges before winding into a spiral Finally, the strip may be 
spiral-wound directly and then coiled, either conormousty 
lengths* 

fa g ener al, it ts preferable to pay out a finer of the invention from a red since that b cheaper 
once the section to be fflfnpk**** is long, and more reliable since connections are omitted. 
Nevertheless, rt u ec^ia^ 

zone by repeatedly placing and expanding lengths of finer. 
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CLAIMS 



1/ A Janet for completing t hole in an underground formation, the finer bang constituted by t 
spiral-wound strip, its longitudinal edges having complementary touching profiles such that 
after expansion the finer is circular in section. 

2/ A finer aoconfing to daim l t characterized in that the longitudinal edges define a contact 

ttfftoe of general (Erection "K lying in a plane that forms a non-zero angle relative to the 
ioogftudina! axis of the finer. 

3/ A finer according to claim 2, characterized in that said angle formed by the general direction 
D of the contact surface lies in the range 30° to 60* 

47 A finer according to any preceding daim, characterized in that the touching tongfrudinal 
edges have a sawtooth profile. 

5/ A finer according to any preceding claim, characterized in that die finer is obtained by 
roffing up a strip about an axis that is at a certain angle relative to the axis of symmetry of the 
strip. 

67 A finer according to any preceding daim, characterized m that it k provided^ openings, 
7/ A finer according to churn 6, characterized in that it is covered in a grid. 
8/ A finer according to claim 7, characterized in that the grid is welded oa 

9/ A method of completing a hob m an underground formation in which a spiral-wound strip 

is lowered down the hole, and the strip is opened untfl a circular sec 

of a conical placement tool for putting the tongfajdmil edges into s touching position, 

10/ A method aoconfing to claim 4, characterized in that it also includes a cementing 
operation. 

11/ The use of the method according to claims 9 or 10, for temporary completion of zones 
that are depleted or unconsolidated 
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12/ The use of the method according to daira 9 or 10, for repairing a casing, 
13/ The use of the method of dabn 9 for completing i production zonc. 

14/ A system for complfttng a hole in an underground formation, characterized a that it 
includes a finer according to any one of claims 1 to 8 and an expansion tool suitable for 
splaying apart the longitudinal edges until they take up a position where they touch each other 

edge-to-edge. 

IV Atool for wrtMrawinga finer according to any one of daims 1 to ft, the tool comprising 
means for moving the longitudinal edges apart by a diameter greater than the diameter 
comprising to a circular section and enabling the finer to shrink so as to return to a spiral- 
wound configuration of a diameter that is smaO enough to enable the finer to be extracted from 
theweH 
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